The objective of this study was to estimate the influence of the Affordable Care Act (ACA) Medicaid Expansion on current smoking and quit attempts in expanded and non-expanded states. We analyzed data from the Behavioral Risk Factor Surveillance System (BRFSS) between 2003 through 2015 to evaluate changes in current smoking and quit attempts using multivariable logistic regression and generalized estimating equations (GEE), adjusting for socioeconomic factors. Time periods evaluated were: 2003-2009 (pre-expansion) and 2011-2015 (post-expansion), and in supplemental analysis, also 2011-2017. Overall, smoking prevalence among adults in expanded and non-expanded states were 16% and 17% (p < 0.001), respectively, and quit attempt prevalence for expanded and non-expanded states were 56% and 57% (p = 0.05), respectively. In adjusted models comparing post-versus pre-expansion periods, current smoking declined by 6% in both expanded (RR: 0.94, 95% CI: 0.93-0.94) and non-expanded (RR: 0.94, 95% CI: 0.94-0.95) states. Quit attempts increased by 4% (RR: 1.04, 95% CI: 1.04-1.05) in expanded states, and by 3% (RR: 1.03, 95% CI: 1.02-1.03) in non-expanded states. States that imposed barriers to utilization of smoking cessation services e.g. prior authorization, saw only a 3% increase in quit attempts regardless of expansion status, while expanded states that did not impose barriers experienced a 6% (RR: 1.06, 95% CI: 1.05-1.06) increase in quit attempts. Reducing administrative barriers to smoking cessation programs may enhance further declines in smoking rates among US adults.
Introduction
Cigarette smoking is the leading cause of preventable morbidity and mortality in the United States and accounts for approximately 480,000 deaths each year (National Center for Chronic Disease Prevention and Health Promotion (US) Office on Smoking and Health, 2014; Smoking and Mortality -Beyond Established Causes, 2016) . There have been significant declines in cigarette smoking, from 42% in 1965 to 15% in 2015 (Drope et al., 2018) . However, current smoking remains disproportionately higher among low-income (30%) and uninsured (28%) individuals (Jamal et al., 2016) .
The Affordable Care Act (ACA), introduced in 2010, addressed provisions for healthcare coverage denial due to pre-existing conditions, provided tax-credits and subsidies to purchase health insurance and access to free preventive care, and expanded insurance coverage to include non-disabled single childless adults (Gostin and Garcia, 2012; Manchikanti et al., 2011; Sheen, 2012) . As part of the ACA provision, childless adults could be Medicaid eligible at or below 133% federal poverty level (FPL) (Sheen, 2012) . A total of 30 US states including the District of Columbia had expanded Medicaid as part of the ACA by December 31, 2015, however in March 2010, six states and jurisdictions-California, Connecticut, the District of Columbia, Minnesota, New Jersey, and Washington-enacted Medicaid expansion among low-income groups due to the provisions in the ACA (Sommers et al., 2013) .
Prior to the ACA, low-income adults without Medicaid coverage had few available choices for accessing smoking cessation services and states had flexibility in types of smoking cessation services offered through Medicaid (Singleterry et al., 2015) . However, following the implementation of the ACA, state Medicaid programs were required to cover smoking cessation services among newly eligible adults (McAfee et al., 2015) , leading to expanded coverage of evidence-based smoking cessation treatments. Previous studies have evaluated the impact of ACA expansion on quit attempts and current smoking, however prior studies have only evaluated annual trends, focused on a single or few US states, or did not account for baseline differences in states Medicaid https://doi.org/10.1016/j.pmedr.2019.100923 Received 17 May 2019; Accepted 15 June 2019 expansion status (Brown et al., 2018; Koma et al., 2017; Ku et al., 2016; Greene et al., 2014) . The purpose of this study is to evaluate the impact of the ACA expansion on current smoking and quit attempts among expanded and non-expanded US states, to evaluate the impact among low-income individuals, and to account for state-level barriers to smoking cessation services.
Methods

Data source
Data were obtained from the Behavioral Risk Factor Surveillance System (BRFSS) for adults 18 years and older surveyed between 2003 and 2017 (Centers for Disease Control and Prevention, n.d). The BRFSS collects nationally representative data annually on randomly selected land-line and cell-phone telephone numbers on over 400,000 adults in all 50 states, including three U.S. territories and the District of Columbia (Iachan et al., 2016) . The annual telephone survey obtains information on health related risk behaviors, chronic health conditions and use of preventive services. The BRFSS median response rate over the study period ranged from 53% in 2003 to 47% in 2015 (Centers for Disease Control and Prevention, n.d). In the current analyses, data on socio-demographics, current smoking and quit attempts were obtained from the BRFSS, and data on Medicaid expansion status and year of expansion by state was obtained from the Kaiser Family Foundation State Health Facts (Medicaid Expansion Enrollment, 2017).
Study variables
Outcome variables of interest were current smoking and quit-attempts in the past year among smokers. Current smokers were defined as participants who indicated that they currently smoked every day or some days, or that they had smoked a cigarette within the past month. Quit-attempts among smokers was defined as having a quit-attempt in the preceding 12 months for one day or longer. Current smoking was defined using the 'computed smoking status' variable, while quit-attempts was defined using the variable '_STOPSMK2' in the past year among current smokers. Sociodemographic characteristics, including age, sex, race/ethnicity, education, employment status, and annual household income were obtained, and data on availability of regular healthcare providers and health care coverage were included to examine access to healthcare. Age variable was classified in three groups; 18-49, 50-79, and 80+ years of age; annual household income variable was categorized into four groups -< $10,000, $10,000-< $20,000, $20,000-< $50,000, and ≥$50,000; race was identified using the five level race/ethnicity variable and classified into White, Black, Hispanic, and Other categories; education was categorized into < high school, high school graduate, and some college or higher. Healthcare coverage was ascertained as having any kind of coverage, including health insurance, prepaid plans such as Health Maintenance Organizations (HMOs), or government plans like Medicare, or Indian Health Service. To evaluate the impact of statelevel barriers to utilization of smoking cessation services, data on two state-level barrier variables -prior authorization before smoking cessation treatment and copayments-were obtained from the American Lung Association for 2010, dichotomized as yes/no (Centers for Disease Control and Prevention, n.d).
Study periods
The two study periods, pre-expansion (2003-2009) and post-expansion (2011-2015) , were defined based on states' Medicaid expansion status during the study period. 
Statistical analysis
Weighted analyses for descriptive variables by expansion status using chi-square tests, were evaluated for current smoking and quit attempts by socio-demographic variables and expansion status. We assessed annual trends in current smoking and quit attempts by expansion status, and utilized multivariable adjusted logistic regression and generalized estimating equations (GEE) to assess current smoking and quit attempts in the past year in non-expanded versus expanded states for each time period. Due to the high prevalence of current smoking and quit attempts in the past year, we interpret estimates from GEE models as relative risks (RRs) instead of odds ratios (ORs) (Dicker et al., 2006) . To examine the secular time trends in the prevalence of current smoking and quit-attempt status among adults in the two time periods, we assessed for linear and quadratic changes adjusting for socio-demographic and socio-economic predictors in pre-expansion (2003-2009) and post-expansion (2011-2015) periods. Similar analyses were conducted for 2011 -2013 versus 2015 -2017 . We also assessed for interactions between expansion status and time periods in prevalence of current smoking and quit-attempts. Furthermore, we evaluated whether the association between expansion and smoking cessation varied by state-level barriers such as prior authorization and co-payments for smoking cessation treatment. All analyses were carried out using SAS version 9.4 (SAS Institute, Inc., Cary, NC; USA) accounting for the complex sample survey design; statistical significance levels were determined based on p-values < 0.05.
Results
By December 31, 2015, 30 states and DC had implemented Medicaid expansion, while 21 states had not implemented the policy. A total of 5,311,872 participants were included in this analysis, 2,289,033 (43%) were in non-expanded states and 3,022,839 (57%) were in expanded states (Table 1) . Table 1 shows the baseline characteristics of the study participants overall and by Medicaid expansion status. Participants in expanded vs. non-expanded states were less likely to be Black (7% vs. 10%), more likely to be Hispanic (7% vs. 5%), have at least some college education (64% vs. 60%), have an average annual household income of > $50,000 (47% vs. 41%), more likely to have health insurance coverage (91% vs. 88%) and at least one regular healthcare provider (86% vs. 84%).
Overall, 16% of participants residing in expanded states were current smokers, compared with 17% of participants in non-expanded states (Table 2 ; p < 0.001). The prevalence of current smoking in the expanded states declined from 23% to 14%, and in the non-expanded states reduced from 22% to 15% between 2003 and 2015 ( Fig. 1) . For quit attempts, prevalence in expanded states increased from 53% to 57%, and in the non-expanded states it increased from 51% to 58% (Fig. 2) . Current smoking was lower in expanded vs. non-expanded states, especially among participants aged 18-34 (22% vs. 23%), those without health insurance coverage (31% vs. 33%), those with an annual household income less than $10,000 (31% vs. 32%) and those who were unemployed (30% vs. 34%). The prevalence of current smoking in the expanded states declined from 23% to 14%, and in the non-expanded states reduced from 22% to 15% between 2003 and 2015 N. Valvi, et al. Preventive Medicine Reports 15 (2019) 100923 ( Fig. 1 ). For quit attempts, prevalence in expanded states increased from 53% to 57%, and in the non-expanded states it increased from 51% to 58% (Fig. 2 ). In models adjusted for sex, race, income, and education, and comparing non-expanded versus expanded states (Table 3) , current smoking increased by 2% (RR: 1.02, 95% CI: 1.02-1.03) in the pre-expansion period (2003) (2004) (2005) (2006) (2007) (2008) (2009) ), but no significant difference was found post-expansion (RR: 0.99, 95% CI: 0.99-1.00). In addition, quit attempts declined by 2% pre-expansion (RR: 0.98, 95% CI: 0.98-0.99), and increased by 1% (RR: 1.01, 95% CI: 1.01-1.02) post-expansion. In Table 4 , comparing post-versus pre-expansion periods, current smoking declined by 6% in both expanded (RR: 0.94, 95% CI: 0.93-0.94) and non-expanded (RR: 0.94, 95% CI: 0.94-0.95) states. Quit attempts increased by 4% (RR: 1.04, 95% CI: 1.04-1.05) in expanded states postversus pre-expansion, and by 3% (RR: 1.03, 95% CI: 1.02-1.03) in nonexpanded states. When focused on low income individuals (annual household income < $20,000), there was no significant change in current smoking post versus pre-expansion in either expanded or nonexpanded sates, but there quit attempts increased by 5% (RR: 1.05, 95% CI: 1.05-1.06) in expanded states and by 4% (RR: 1.04, 95% CI: 1.04-1.05) in non-expanded states. More modest associations were Tables 1-2) .
We further examined the association between Medicaid expansion and current smoking or quit attempts varied by state-level prior authorization and co-payment barriers. Among states that required prior authorization (Table 5) , quit attempts increased by 3% (RR: 1.03, 95% CI: 1.02-1.03) in the post versus pre-expansion period in both expanded and non-expanded states. However, among states that did not require prior authorization for smoking cessation, quit attempts increased by 6% (RR: 1.06, 95% CI: 1.05-1.06) in expanded states, and increased by 3% (RR: 1.03, 95% CI: 1.02-1.03) in non-expanded states. Among states that required co-payments for smoking cessation services (Table 6 ), quit attempts increased by 3% (RR: 1.03, 95% CI: 1.02-1.03) in expanded states, and by 2% (RR: 1.02, 95% CI: 1.02-1.03) in nonexpanded states. Among states that did not require copayments, quit attempts increased by 7% (RR: 1.07, 95% CI: 1.06-1.07) in expanded states, and by 3% in non-expanded states (RR: 1.03, 95% CI: N. Valvi, et al. Preventive Medicine Reports 15 (2019) 100923 1.03-1.04).
Discussion
In a large nationally representative study population of US adults, we examined the impact of the ACA expansion on current smoking and quit attempts in pre-expansion and post-expansion time periods. Overall, current smoking was 2% higher in the non-expanded versus expanded states in the pre-expansion period, but 1% lower post-expansion. However, in both expanded and non-expanded states, there was a 6% decline in current smoking post-versus pre-expansion, and a 3-4% increase in quit attempts. There was no significant change in current smoking among participants with an annual household income of ≤$20,000, but a 4-5% increase in quit attempts was observed in this group. These results indicate that while non-expanded states had higher current smoking rates compared with expanded states pre-expansion, following implementation of the ACA Medicaid expansion policy, both expanded and non-expanded states experienced significant improvements in declining current smoking rates and higher quit attempts. However, expanded states that introduced barriers to accessing evidence based smoking cessation services, specifically prior authorization and co-payments, experienced very modest increases in quit attempts post-versus pre-expansion, compared with states that did not institute such barriers, while such barriers made no difference in non-expanded states.
Prior studies have analyzed the impact of Medicaid expansion on current smoking and quit attempt rates among US adults ( , 2017) . Three studies utilized data from BRFSS to evaluate differences in current smoking post-versus pre-expansion and observed declines in current smoking ranging from 15% (Land et al., 2010) and 7% (Pernenkil et al., 2017) to 0.06% (Simon et al., 2017) . Other studies have evaluated differences in prevalence of current smoking comparing trends over time (Smoking and Mortality -Beyond Established Causes, 2016; Land et al., 2010; Naavaal et al., 2018; Simon N. Valvi, et al. Preventive Medicine Reports 15 (2019) 100923 et al., 2017), a study using the National Health Interview Survey (NHIS) observed that current smoking prevalence was 21% in 2005 and 15% in 2015 (Jamal et al., 2016) , while a state-based study using the Massachusetts BRFSS observed that smoking prevalence decreased from 38% in 1999 to 28% in 2008 (Land et al., 2010) . Two studies using the BRFSS evaluated the effect of Medicaid expansion on quit attempts in the pre-versus post-expansion period, and observed that the odds of smoking cessation increased by 21% among US adults (Pernenkil et al., 2017) , while the other study observed that non-expanded Medicaid enrollees had a 5% lower odds of quit attempts compared with enrollees (Young-Wolff et al., 2017) . Other studies have utilized data from specific states to evaluate expansion and quit attempts. For instance, a study of Medicaid enrollees in Alabama, Georgia, and Maine observed that the odds of quit attempts increased by 60% after the Medicaid expansion (Athar et al., 2016) , while a study from northern California showed a 49% increase among Medicaid enrollees compared to those on commercial insurance (Young-Wolff et al., 2017) . There are several potential reasons for the differences between these prior studies and our findings.
Compared with other studies (Smoking and Mortality -Beyond Established Causes, 2016; Land et al., 2010; Pernenkil et al., 2017; Simon et al., 2017) , we observed a more modest 6% decline in current smoking among US adults in both expanded and non-expanded states comparing post-and pre-expansion periods. That is, regardless of whether a state expanded Medicaid as part of the Affordable Care Act, current smoking declined by 6%, while quit attempts increased by 3-4%. Among low-income individuals, we did not observe a significant decline in current smoking, but did observe a 4-5% increase in quit attempts. This is similar to a 2% increase in quit attempts observed by a separate study (Koma et al., 2017) using the BRFSS dataset. Our findings of current smoking prevalence of 26% in the non-expanded and 18% in the expanded states for participants of Other races (includes multiracial, American Indian/Alaska Native, and Asians) are also comparatively lower compared to a previous study (Jamal et al., 2016) using the NHIS that had a prevalence of 32% among American Indian/ Alaska Natives. The lower rates could be due to the combination of racial groups i.e. American Indian/Alaska Natives and Asians with significantly different current smoking rates. Moreover, our results are based on an overall population average for 2003 to 2015, while the NHIS study reported cross-sectional results for 2015 (Jamal et al., 2016) .
The modest findings in our study may be explained by several possible reasons. First, in contrast to other studies, our analytic approach did not assume that states that expanded Medicaid as part of the Affordable Care Act were similar to states that did not expand at baseline. For instance, individuals in expanded states were younger, less likely to be Black, and had higher annual household incomes on average compared with individuals in states that did not expand. To account for these baseline differences, we estimated the risks of current smoking and smoking cessation in pre-versus post-expansion separately in expanded and non-expanded states, and statistically adjusted for these demographic differences.
Second, the modest declines in current smoking observed may be due to administrative and/or logistical barriers in accessing smoking cessation services that remained unaddressed or were newly implemented in some states after Medicaid expansion, a factor that was not directly considered in other studies. For instance, of the 31 states and jurisdictions that expanded Medicaid, only 19 states covered all the FDA-approved medications, while only 17 covered individual and 11 covered group counseling . Furthermore, some of the expanded states established administrative barriers such as copayments and prior authorization for available treatments, therefore limiting access for cessation programs (DiGiulio et al., 2018) . In addition, prior to 2015, 48 states covered some cessation treatments, but by Note: Relative risks were adjusted for sex, race, annual household income, educational status including interaction terms for expansion status and time periods of preand post-expansion using Proc Genmod. Excluded 2010 data as the wash-out period. P-value for expand × period interaction: ⁎ < 0.0001; ϒ 0.0019. a Annual household income ≤ $20,000. N. Valvi, et al. Preventive Medicine Reports 15 (2019) 100923 June 2017, all of the 50 states and DC covered some form of tobacco cessation treatments (DiGiulio et al., 2018) . These may explain our observation of similar declines in current smoking and quit attempt rates between expanded and non-expanded states. That is, the added benefit of Medicaid expansion in improving access to smoking cessation services and hence reducing smoking rates may have been muted by accessibility barriers in expanded states, and provision of at least some smoking cessation services in non-expanded states. Based on our analyses, expanded states that had no barriers to smoking cessation treatments had a 7% increase in quit-attempts compared to a 3% increase among expanded states that had barriers in the post-expansion period. However, it is important to evaluate changes over time as benefits included in Medicaid coverage can change over time, for example North Dakota and Pennsylvania initially covered all cessation treatments, but no longer did so by June 2017 (DiGiulio et al., 2018) . Third, provision of smoking cessation services without other health policies such as indoor smoking bans, cigarette excise taxes and stricter age-limits, are likely to have limited the effectiveness of Medicaid expansion on smoking cessation. As of Jan 2018, only 28 states and D.C. have instituted a statewide smoking ban policy, and 47 states have increased cigarette taxes with an average state tax of $1.69 per pack, ranging from $0.33 to $5.1 (Tobacco Facts, n.d). A 15% decline in current smoking was reported in Massachusetts (Land et al., 2010) , the first state to establish a Medicaid expansion program for low-income individuals. The program also provided fewer restrictions to participants, including lower administrative barriers to cessation services, and simultaneously implemented other smoking cessation policies such as indoor bans and higher excise taxes that likely contributed to its success (Land et al., 2010) . Treatment effectiveness may also vary -one study (Lindson-Hawley et al., 2016) compared success rates in quitting gradually vs. abruptly found a significant quit rate (15% vs. 22%) at the end of six months in primary care clinics in England when included with behavioral support and nicotine replacement. A prior study has also reported that almost 85% of smokers quit smoking abruptly (Fiore et al., 1990) . We were unable to ascertain if our rates of quit attempts were based on counseling and nicotine replacement or just quit 'cold-turkey' as the BRFSS participants were not asked regarding cessation treatments.
Fourth, Medicaid expansion was designed to increase insurance coverage for low-income individuals. Our study found no significant difference in current smoking in both the expanded and non-expanded states among low-income adults. This may be partly due to the increase in the Medicaid population over time; in 1997 low-income adults represented 8% of the US adult population, but by 2013 it had doubled almost to almost 17 (Zhu et al., 2017) . In addition, many low-income individuals initiate smoking due to intense exposure to advertising, and personal psychosocial factors such as stress, financial burdens, and lack of social support (Boen and Yang, 2016; Echer and Barreto, 2008; Golden and Perreira, 2015) . Medicaid expansion by itself is unlikely to address all these issues, and states may need to enhance tobacco cessation programs with other strategies including advertising restrictions especially for younger individuals, free or low-cost counseling and policies to further limit exposure to cigarettes. Current smoking was higher among 18-49-year olds in our study in non-expanded (21%) and expanded (20%) states compared with other age-groups evaluated, highlighting the need for greater access to comprehensive smoking cessation services with limited financial and logistical barriers to utilization among younger adults.
The strengths of our study are the use of a nationally representative non-institutionalized population of US adults across a wide range of racial, and socio-economic age groups. Our study estimates are reliable due to the large sample size across all sub-populations that provided adequate statistical power for the analysis. Also, we were able to assess study outcomes specifically among low-income individuals, since Medicaid expansion was designed to improve insurance coverage in this sub-population. There are also certain limitations relevant to our study. First, we relied on self-reported data on smoking status and quit attempts, however, self-reports of these variables have been validated previously (Binnie et al., 2004) . Second, measuring the impact of a general policy on individuals is vulnerable to ecological bias. Studies of low-income individuals comparing those enrolled in Medicaid as part of the Affordable Care Act with those who remained uninsured can provide better estimates of the direct association between expansion and smoking outcomes. We did not account for the time-varying nature of state-level barriers across the study period, but obtained data on barriers for the calendar year 2010. Lastly, the weighting methodology for BRFSS changed in 2010, thus estimates after 2011 were not comparable to previous years (Centers for Disease Control and Prevention (CDC), 2012). To account for this, we examined the trends in the pre-expansion period (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) and post-expansion periods (2011) (2012) (2013) (2014) (2015) by categorizing expanded and non-expanded states, and examined the trends while considering calendar year 2010 as our wash-out period.
Conclusion
In summary, our findings provide evidence that current smoking rates declined and quit attempts increased post-Medicaid expansion period; however, these trends were observed in both expanded and nonexpanded states and were significantly influenced by state-level barriers to access smoking cessation services. Eliminating financial and logistical barriers to cessation services among Medicaid enrollees, and implementation of smoking related policies such as the indoor smoking ban and excise taxes may help to further reduce current smoking rates among US adults.
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